The aim of the present study was to evaluate and compare the dissolution profiles of seven commercial products containing ferrous sulfate and fumarate marketed in Argentina, based on their in vitro dissolution characteristics using USP Apparatus 2.
INTRODUCTION

I
ron deficiency is one of the most common nutritional deficiencies throughout the world, and the most severe form manifests as anemia. Both iron deficiency and anemia have severe repercussions on immune function, physical capacity for work, and attention span (1) (2) (3) . In females, there is a risk of iron deficiency due to regular menstrual blood loss and the increase of iron demand during pregnancy. Peptic ulcer disease and nonsteroidal, anti-inflammatory drugs are common causes of blood (and therefore iron) loss. Anemia may be secondary to inflammatory or infectious diseases (4) (5) (6) (7) or to a diet lacking other micronutrients essential for iron metabolism such as vitamins C, A, B 12 , and folate (8) . Given the frequency of iron deficiency and diseases resulting in iron loss, it is not surprising that iron preparations are among the most commonly prescribed drugs in Argentina and that iron salts are components of many vitamin and mineral supplements (9) . In fact, about 10% of elderly persons ingest over-the-counter preparations containing iron, and the standard medical care for pregnant woman includes iron supplementation.
Iron absorption takes place at the duodenum and the upper jejunum of the gastrointestinal system. Even if there is no absorption in the stomach, this organ contributes to the process by the secretion of hydrochloric acid and enzymes, which help not only to set iron free from the food matrix but also to make it soluble (10) (11) (12) .
Iron absorption may be affected by a combination of different factors, such as the type of ingested iron, the nutritional status of the individual for this element, and the presence of absorption activators or inhibitors existing in the intestinal lumen together with iron (13) (14) (15) (16) (17) (18) . Iron is found in foods in two different groups, hemic iron and non-hemic iron. The heme-type iron is a part of hemoglobin, myoglobin, cytochromes, and many other heme proteins, which are present principally in animal foods. The heme group, which is present in all of these proteins, is a complex organic ring, called protoporphyrin, bound to a divalent iron atom that has six coordination sites. Four of the sites are bound to the protoporphyrin, one to a nitrogen atom of the protein fraction, and the remaining site is available to bind to an oxygen molecule.
The non-hemic type iron corresponds to iron that is not bound to a heme group and includes inorganic iron salts that are found principally in vegetal foods as well as in the principal pharmaceutical preparations utilized for iron deficiency therapy (19) . Because non-hemic iron is found in a higher proportion in the diet, its absorption is significantly modified by the nutritional status of the individual for this element. Thus, if the natural iron depots are depleted, iron absorption will increase, and if the depots are saturated, iron absorption will decrease. There are different physiological states (e.g., growth and pregnancy) that produce a substantial increase in the absorption of this metal because of an increase in the synthesis of new biomolecules that have iron in their structure (19) (20) (21) (22) (23) .
The most therapeutically active form of iron is the ferrous form (Fe +2 ). Dietary ferric (Fe +3 ) form is converted to the ferrous form in the stomach. This reduction is greatly promoted by the presence of H + and dietary ascorbic acid. The great advantage of this conversion is that the ferrous form (as compared with the ferric form) is much more easily released from the organic ligands to which it is bound and stays soluble (24) The commercially available salt forms mainly include ascorbate, citrate, fumarate, gluconate, oxide, succinate, and sulfate. The solubilities of these various salts in water or aqueous media are significantly different, and hence it is reasonable to expect that their dissolution rates could vary. Further complications and variations in the release of iron may arise because of changes in the formulation of a product with any given salt form and the presence *Corresponding author. e-mail: asegall@ffyb.uba.ar or absence of any type of coating. There are many iron preparations on the market that can be broadly classified into uncoated tablets, film-coated tablets, modified-release tablets (including enteric-coated and sustained, controlled, and timed types), and certain capsule dosage forms. It has been reported that some of these products are mistakenly used interchangeably. This is perhaps because there is little scientific literature on the dissolution of iron from various products (9) . The USP specifies a dissolution test for ferrous sulfate (25) and ferrous fumarate tablets (26) . Hence, this study was undertaken for comparative purposes under the specified conditions. The study included commercially available preparations.
MATERIALS AND METHODS
Reagents
Analytical grade hydrochloric acid (J.T. Baker, Mexico) and sodium lauryl sulfate (Flamaquímica, Argentina) were used. Ferric nitrate standard substance was purchased from Merck (Darmstadt, Germany). All reagents were of analytical grade.
Materials
Seven products were purchased commercially and analyzed. Table 1 summarizes the characteristics of the seven products. The products were purchased from pharmacies in Buenos Aires (Argentina). All tests were performed within product expiration dates, which were similar among brands.
Apparatus and Procedure
All dissolution studies were performed using USP Apparatus 2 (Vankel, VK 7010). The USP ferrous sulfate tablets test (25) was performed at 50 ± 1 rpm. The dissolution medium was 0.1 N hydrochloric acid at 37 ± 0.5 °C. The acceptance criterion set was Q = 75 in 45 min.
The USP ferrous fumarate tablets test (26) was performed at 75 ± 1 rpm. The dissolution medium was 0.1 N hydrochloric acid containing 0.5% sodium lauryl sulfate at 37 ± 0.5 °C (Q = 75).
Dissolution medium volume was 900 mL. In all experiments, 5-mL sample aliquots were withdrawn at 5, 10, 15, 30, 45, and 60 min using micropipettes. An equal volume of fresh medium at the same temperature was replaced to maintain a constant volume during the test. The withdrawn amounts were adjusted in the calculations. All samples were filtered through Whatman Grade 50, 2.7-µm filter paper. Adsorption of the ferrous solution to the filter paper was validated previously. Samples were analyzed using atomic absorption spectrometry (Buck Scientific model 200) at 248.3 nm with an acetylene flame and a slit of 0.2 mm. A calibration curve of ferric nitrate was prepared using solutions containing ferric nitrate between 0 and 3 mg/L.
Twelve tablets or capsules of each preparation were studied to obtain statistically significant results. Capsule sinkers were used to keep the capsules at the bottom of the vessels. To check the supposition of normality of the results, the Shapiro-Wilks test was applied.
If the tablets or capsules did not dissolve due to an enteric coating, the dissolution test was continued after changing the dissolution medium to pH 6.8 phosphate buffer (brands II, III, IV, and VII).
RESULTS AND DISCUSSION
Dissolution of drug from oral solid dosage forms is a necessary criterion for drug bioavailability (i.e., the drug must be solubilized in the aqueous environment of the gastrointestinal tract to be absorbed). For this reason, dissolution testing of solid oral drug products has emerged as one of the most important performance tests for assuring product uniformity and batch-to-batch equivalence. Variation beyond the pharmacopeial limits indicates unacceptable products (27, 28) .
The solubility characteristics at room temperature as defined by USP indicate that ferrous sulfate is freely soluble in water, very soluble in boiling water, and insoluble in alcohol; ferrous fumarate is slightly soluble in water and very slightly soluble in alcohol. Its solubility in dilute hydrochloric acid is limited by the separation of fumaric acid (29) .
Dissolution profiles and corresponding data are shown in Figure 1 and Table 2 , respectively. There was a wide variation in the profiles at pH 1.2. In this case, only products I and VI met the requirements of USP.
Significant differences between statistical results were obtained (p = 0.0005). Comparisons are shown in Table 3 . It is considered a statistically significant difference when p < 0.05. There are significant differences between products II and VI, III and VI, IV and VI, V and VI, VII and VI, I and V, and I and IV.
Formulation I was used as reference because it presents the best dissolution profile and is the mark leader. Results of f 2 calculations are listed in Table 4 . None of the studied profiles is similar to that of formulation I.
No more than 10% was found dissolved at pH 6.8 for products II, III, IV, and VII. (Data not shown).
CONCLUSION
This study found widely varying dissolution profiles for iron preparations commonly available in Argentina.
Faster dissolving iron preparations are likely to result in greater bioavailability of iron (9) . The slower dissolving iron preparations may be better tolerated, but could lead to treatment failure. It is recommended that faster dissolving iron preparations are used clinically (9) . This study is particularly relevant for pregnant women, children, and the elderly, who frequently use iron preparations. Failure to treat iron deficiency adequately can lead to weakness and fatigue due to anemia and can have consequences that are more serious for those with cardiovascular or respiratory disease.
In conclusion, significant differences were seen among the in vitro dissolution profiles of iron from various commercial preparations. Caution is recommended in the interchangeability of marketed iron products. 
